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Antimicrobial activityWater soluble extracts (WSE) of ewe's cheeses produced in Uruguay and Brazil were evaluated for their
biological activities. Feta-type, Roquefort-type and Pecorino-type cheeses from Brazil, Pecorino Sardo-
type and Cerrillano cheese samples from Uruguay, were analyzed. Antioxidant properties were evaluated
using distinct methods. Scavenging of the cation radical of 2,2′-azino-bis-(3-ethylbenzothiazoline)-6-
sulfonic acid (ABTS) ranged from 32 to 45% for Feta-type cheeses to 87% for Roquefort-type cheese. A sim-
ilar trend was observed for the reducing power, where WSE from Roquefort-type cheese showed the
highest activity among the evaluated cheese. Iron chelating activity was quite variable among the different
WSE, being higher (50%) for a Pecorino-type cheese. Thiobarbituric acid reactive substance (TBARS) anal-
ysis presented similarity among most of the cheese samples, with inhibition values ranging from 25 to 51%.
Scavenging of 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical was observed only for Roquefort-type cheese.
All WSE samples showed a prominent inhibition of angiotensin I-converting enzyme (ACE), ranging from
46% for a Feta-type cheese to 80% for Roquefort-type cheese. No antibacterial activity was observed for the
different WSE. The results indicated that the evaluated cheeses could be sources of bioactive peptides with dif-
ferent modes of action. WSE of Roquefort-type cheese showed the best set of biological activities. Nano-ESI-MS/
MS analysis allowed the identiﬁcation of peptides that may contribute to the observed bioactivities.
© 2012 Elsevier Ltd. All rights reserved.1. Introduction
Milk contains lysozyme, lactoferrin, immunoglobulins, hormones,
cytokines and growth factors, secreted in their active form by themam-
mary glands, and exerting bioactivities. Besides nutritional, physico-
chemical and sensory aspects, milk proteins received a renewed
interest related to their physiological role in humans, and are currently
the main source of a range of biologically active peptides (Pihlanto,
2006). Such peptides possess many activities, such as antithrombotic,
hypocholesterolemic, antioxidant, antihypertensive, opioid, antimicro-
bial and immunoregulatory. Most of these peptides are encryptedwith-
in the primary structure of the native protein, and may be released
during gastrointestinal transit or during food processing (Korhonen &
Pihlanto, 2006; Silva & Malcata, 2005).
Although there are differences in physicochemical characteristics
between goat, sheep and cow milks, sequences of milk proteins amongnçalves 9500, 91501-970 Porto
3308 7048.
rights reserved.the different species have great homology. Therefore, it would be pre-
dictable that the peptides reported as bioactive agents and released
from bovine proteins are also within sheep and goat proteins (Park,
Juárez, Ramos & Haenlein, 2007). On the other hand, rapidly evolving
genes that are proposed to have a common precursor, and posttransla-
tional modiﬁcations, are related with a considerable variation in the
primary sequences of the αs1-, αs2- and β-caseins across species
(Ginger & Grigor, 1999; Minervini et al., 2003). Thus, genetic variability
inmilk proteins among species suggests a great possibility to release bio-
active peptides with various structures and functions (Benkerroum,
2010).
Dairy products derived from sheep milk have been described with
ACE-inhibitory peptides, most of them derived from β-casein, as in
water-soluble extracts of two sets of traditional Greek yoghurt
(Papadimitriou et al., 2007). Moreover, peptides with ACE-inhibitory
activity were obtained through the hydrolysis of sheep milk sodium
caseinates by a partially puriﬁed proteinase from Lactobacillus helveticus
PR4 (Minervini et al., 2003), and ovine caseins hydrolyzed with pepsin,
trypsin and chymotrypsin exerted antioxidant activity, especially pep-
tides derived from κ-casein (Gómez-Ruiz, López-Expósito, Pihlanto,
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novel microbial protease derived from Bacillus sp. P7, presented antiox-
idant, antihypertensive and antimicrobial activities (Corrêa et al., 2011).
Cheeses contain a high protein amount and may serve as a natural
source of milk protein-derived peptides, because of the diversity of
the proteolytic systems in cheese ripening, and the intensity of proteol-
ysis during ripening (Park, Juárez, Ramos, & Haenlein, 2007). Enzymes
present in milk (especially plasmin), from rennet, or released bymicro-
organisms, hydrolyze casein (αs1-, αs2-, β- and κ-caseins) and can
enrich cheeses with bioactive peptides (Pihlanto, 2006). In water-
soluble extracts of a 8-month aged Manchego cheese, the most popular
cheese variety in Spain and manufactured from sheep milk, several pep-
tides with inhibitory activity towards angiotensin I-converting enzyme
(ACE) were identiﬁed (Gómez-Ruiz, Ramos, & Recio, 2002, 2004).
Antibacterial peptideswere obtained inwater soluble extracts of Pecorino
Romano, another cheese variety made from ovine milk (Rizzello et al.,
2005), whereas raw and heat-treated ovine and caprine cheese-like
systems, manufactured with proteases from Cynara cardunculus, were
reported to be a source of peptides with ACE-inhibitory and antioxidant
activities (Silva, Pihlanto, & Malcata, 2006).
Proteolysis is affected by several factors, including pH of the curd,
plasmin, chymosin, proteases from starter and non-starter bacteria,
salt-to-moisture ratio, storage time and temperatures, and humidity
(Park & Jin, 1998). In this sense, different varieties of cheeses are like-
ly to exhibit compounds with variable bioactivities. Therefore, the
aim of this investigation was to evaluate the antioxidative, antimicro-
bial and ACE-inhibitory properties of water-soluble extracts (WSE) of
different types of ovine cheeses produced in Brazil and Uruguay.2. Material and methods
2.1. Cheese samples
This study analyzed samples of ovine cheeses commercialized in
Southern Brazil and Uruguay, differing mainly for starter, technological
aspects and time of ripening (Table 1). The production of ewe's cheese
is recent in Brazil and located in the southernmost regions – Santa
Catarina and Rio Grande do Sul States, for climatic and geographic rea-
sons (Nespolo & Brandelli, 2010). Two cheesemanufacturers were from
Rio Grande do Sul State (A—RS, and B—RS). Manufacturer A—RS pro-
duces Feta-type and Pecorino Toscano-type (180 and 270 days of ripen-
ing) cheeses; also samples of 60-day ripened Pecorino Toscano-type
made from raw ovine milk were included in the study. Cheeses from
manufacturer B—RS were Feta-type and Roquefort-type. Another type
of Pecorino cheese is commercialized by a manufacturer located inTable 1
Main characteristics of the ovine cheese varieties from Southern Brazil and Uruguay.
Manufacturer Cheese variety Milk1 Starter2 Rennet
A—RS4, Brazil Feta-type P F Calf, liquid
Pecorino Toscano-type R N Calf, liquid
P F Calf, liquid
B—RS4, Brazil Feta-type P F Microbial ch
Roquefort-type R F Microbial ch
SC5, Brazil Pecorino-type P F Calf, liquid
A—Uruguay Pecorino Sardo-type P F Microbial ch
B—Uruguay Cerrillano P F Microbial ch
1 P: pasteurized, R: raw.
2 F: freeze-dried, N: none.
3 Values are the means±SEM of three independent determinations. The same letters ind
4 Cheese manufacturers from Rio Grande do Sul State (A—RS, and B—RS).
5 Cheese manufacturer from Santa Catarina State (SC).Santa Catarina State (SC). In Uruguay, Pecorino Sardo-type samples
were collected from an experimental dairy unit of Universidad de la
Republica (A — samples with 80, 120 and 160 days of ripening), and
Cerrilano samples were collected from a local market (B — samples
with 90 and 120 days of ripening). Samples were considered as a mix-
ture of simple random sub-samples collected from independent batches
for each cheese type.
2.2. Water-soluble extracts
Water-soluble extracts (WSE) of cheeses were prepared according to
Rizzello et al. (2005). Brieﬂy, 30 g of cheesewas suspended in 90 mL of a
50 mM phosphate buffer pH 7.0, homogenized and kept at 40 °C for 1 h
under gentle stirring (150 rpm). After centrifugation, the upper fat layer
was discarded and the water extract was ﬁltered throughWhatman no.
2 paper. The pHof the extractwas adjusted to 4.6 using 1 MHCl. The pre-
cipitated casein was recovered by centrifugation and the water-soluble
extracts were lyophilized and kept at −18 °C until further analysis.
Protein determination was carried out by suspending 50 mg of lyophi-
lized sample per mL of water, according to the Folin phenol reagent
method (Lowry, Rosebrough, Farr, & Randall, 1951).
The WSE concentration for ABTS scavenging activity, reducing
power, and ACE-inhibitory activity assays was 15 mg of lyophilized
sample per mL of distilled water, while for other analysis WSE at
50 mg/mL was used. All determinations were carried out at least in
triplicate (n=3).
2.3. Scavenging activity of 2,2′-azinobis-(3-ethylbenzothiazoline-6-
sulfonic acid) (ABTS) radical
The scavenging activity against the ABTS radical (Sigma-Aldrich,
St Louis, MO, USA) was determined by the decolorization assay
described by Re et al. (1999). The ABTS radical cation (ABTS•+) solu-
tion was prepared by reacting 5 mL of ABTS solution (7 mM) with
88 μL of K2SO4 solution (140 mM, Vetec Química, Duque de Caxias,
RJ, Brazil) and allowing themixture to stand in the dark at room tem-
perature for 12–16 h before use. For the assay, the ABTS•+ solution
was diluted with 5 mM phosphate buffered saline pH 7.4 (PBS) to
an absorbance of 0.7 (±0.02) at 734 nm. A 10 μL sample was mixed
with 1 mL of diluted ABTS•+ solution and absorbance (734 nm)
was measured after 10 min. The percentage of inhibition at the
speciﬁc time was calculated, and a standard curve employing 0.1
to 2.0 mM Trolox (6-hydroxy-2,5,7,8-tetramethychroman-2-
carboxylic acid, Sigma-Aldrich) was developed. The results were
also expressed as Trolox equivalent antioxidant capacity (TEAC).Cooking Ripening (d) WSE protein content (mg/mL)3
40 °C None 6.5±0.1g
40 °C 60 15.0±0.1b
40 °C 180 10.8±0.2e
270 12.8±0.1c
ymosin 31–33 °C 60 10.3±0.3ef
ymosin 31–33 °C 90 13.2±0.2c
or powder 39–42 °C 30 10.1±0.4f
ymosin 40 °C 80 16.0±0.2a
120 15.6±0.1a
160 11.9±0.1d
ymosin 42–45 °C 90 12.7±0.2c
120 16.2±0.1a
icate no signiﬁcant difference at the 5% level of signiﬁcance.
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DPPH radical-scavenging activity ofWSEwas evaluated as described
previously (Brand-Williams, Cuvelier, & Berset, 1995). Brieﬂy, an
aliquot of 0.1 mL of WSE samples was transferred to test tubes with
3.9 mL of freshly prepared 60 μMDPPH (Sigma-Aldrich)methanolic so-
lution. After 45 min, the scavenging activity wasmeasured spectropho-
tometrically by the decrease in absorbance at 517 nm. Likewise, blank
value was determined by using distilled water. The results were
expressed as: Scavenging rate (%)=[1−(A⁄A0)]×100, where A is
the absorbance of the test and A0 is the absorbance of the blank.
2.5. Reducing power
The reducing power of WSE was assessed according to the method
of Duh, Tu, and Yen (1999). Samples (2.5 mL in 0.2 M phosphate buffer
pH 6.6) were added to 2.5 mL of 10 mg/mL potassium ferricyanide
(Vetec Química) and the mixture was incubated at 50 °C for 20 min.
TCA (2.5 mL, 10% w/v) was added to the mixture, which was then cen-
trifuged at 3000 g for 10 min. The supernatant (2.5 mL)wasmixedwith
2.5 mL distilled water and, after addition of 0.5 mL of 1 mg/mL ferric
chloride (Dinâmica Química Contemporânea, Diadema, SP, Brazil), the
absorbancewasmeasured at 700 nm. Higher absorbance of the reaction
mixture indicates greater reducing power. Butylated hydroxytoluene
(BHT, Sigma-Aldrich) at the same concentration of samples was used
as a positive control.
2.6. Iron(II) chelating activity assay
The ferrous ion chelating ability of WSE was determined using the
ferrozine method (Tang, Kerry, Sheehan, & Buckley, 2002) with slight
modiﬁcations. A volume of 1 mL of WSE was mixed with 3.7 mL of dis-
tilledwater, 0.1 mL of 2 mMFeSO4 (Fe2+, Vetec Química) and 0.2 mL of
5 mM ferrozine (3-(2-pyridyl)-5,6-bis(4-phenyl-sulfonic acid)-1,2,4-
triazine, Sigma-Aldrich). After 10 min, the absorbance of the reaction
mixture was read at 562 nm. Likewise, 1 mL of distilled water, instead
of sample, was used as a control. Ethylenediamine tetraacetic acid
(EDTA, 50 mg/mL, Sigma-Aldrich) was used as positive standard.
Chelating activity was calculated as follows: Chelating activity (%)=
[1−(Absorbance of sample/Absorbance of control)]×100.
2.7. Thiobarbituric acid reactive substances (TBARS)
The levels of TBARSwere performed according to themethodology of
Ohkawa, Ohishi, and Yagi (1979). First, 100 μL of distilled water and
200 μL of extra virgin olive oil were incubated for 10 min at 80 °C with
100 μM ferrous sulfate to induce oxidation. Sample was added (200 μL)
with sodium lauryl sulfate solution (8.1% w/v, Vetec Química), acetic
acid buffer (pH 3.4) and thiobarbituric acid solution (0.6% w/v, Sigma-
Aldrich). The mixture was further incubated in a water bath at 80 °C
for 1 h. This acid-catalyzed nucleophilic-addition reaction yields a
pinkish-red chromogen with an absorbance maximum at 532 nm. Re-
sults were expressed as percentage of inhibition based on themaximum
oxidation value obtained when distilled water is added instead of
sample.
2.8. Determination of ACE-inhibitory activity
The ACE-inhibitory activity was measured in vitro (Cushman &
Cheung, 1971) with some modiﬁcations. Samples of 20 μL were added
to 100 μL of buffered substrate solution at 37 °C: 5 mM hippuryl-
histidyl-leucine (Sigma-Aldrich) in 50 mM HEPES-HCl buffer con-
taining 300 mM NaCl, pH 8.3. The reaction was started by addition of
40 μL of ACE (0.1 U/mL, from rabbit lung, Sigma-Aldrich), incubated at
37 °C for 30 min, and then ﬁnished with 150 μL of 1 M HCl. Then, the
hippuric acid released was extracted with 1 mL of ethyl acetate andorganic phase was transferred to a glass tube to be heat-evaporated.
The residue was dissolved with 800 μL of distilled water and mea-
sured spectrophotometrically at 228 nm. The ACE-inhibitory activity
(ACEI) was expressed as percentage using the formula: % Inhibitory
Activity=(A−B)/(A−C)×100, where A is the absorbance without
WSE, B is the absorbance without ACE and C is absorbance in the
presence of both ACE and the WSE. The activity of WSE from
Roquefort-type cheese was also expressed as the concentration of
protein needed to inhibit 50% of ACE activity (IC50). Captopril
(1 mM, Sigma-Aldrich) was used as a positive ACE inhibitor control
in this assay.
2.9. Antibacterial activity
Indicator microorganisms used to test WSE antibacterial activity
were Bacillus cereus ATCC 9634, Staphylococcus aureus ATCC 1901,
Salmonella Enteritidis ATCC 13076, Escherichia coli ATCC 8739, and
Listeria monocytogenes ATCC 7644. A concentration of 108 cfu/mL of
bacteria in sterile saline solution (0.85% w/v NaCl) was inoculated
with a swab onto Brain-Heart Infusion (BHI, Oxoid, Basingstoke,
UK) agar plates, and then aliquots of 15 μL of samples were spotted
(Motta & Brandelli, 2002). Plates were incubated at 37 °C for 24 h
to verify possible inhibition zones.
2.10. Mass spectrometry
Samples of WSE from Roquefort-type cheese were dissolved in a
1:1 water/acetonitrile solution containing 0.1% (v/v) formic acid. A
UPLC (NanoAcquity, Waters) coupled to nano-electrospray ionization
(nano-ESI) mass spectrometry was used (Q-TOF micro —Micromass/
Waters). The UPLC has a Symmetry® C18 column and a chromatogra-
phy column C18 Acquity UPLC BEH130. Chromatographic separations
were performed using a 2-solvent gradient elution: solvent A was
0.1% formic acid in water and solvent B was 0.1% formic acid in aceto-
nitrile. For calibration, phosphoric acid 0.1% (water/acetonitrile 1:1)
was used.
The mass spectrometer was operated in positive ion mode. The
electrospray conditions were: ﬂow rate of 0.6 μL/min; sample cone
voltage of 40 V; capillary 3.3 kV; source temperature of 100 °C; cone
gas at 5 L/h; desolvation gas at 30 L/h. MS/MS analysis was performed
using argon gas for the fragmentation of eluted peptides. Data were
analyzed with the Waters MassLynx software. MS/MS spectrum was
processed using background subtract followed by smoothing the
spectrum with Savitzky–Golay smoothing, and measuring the peak
top with a centroid top of 80%. Generated data were processed with
MASCOT Distiller (Matrix Science, UK), and peptide homologues
were searched in the NCBI database (www.ncbi.nlm.nih.gov) using
the MASCOT software v. 2.2 (Matrix Science, UK).
2.11. Statistical analysis
The results were subjected to variance analysis (ANOVA) and
means were compared through the Tukey test at a level of 5% of sig-
niﬁcance, using the SAS software (version 9.2). Linear regression
analysis was carried out to verify correlation between soluble protein
content and ABTS assay.
3. Results and discussion
3.1. WSE protein content
Soluble protein content of the cheese extracts was determined
and values were between 6.5 mg/mL and 16.2 mg/mL, respectively,
for Feta from Brazilian manufacturer A—RS and for Cerrillano cheese
with 80 days of ripening (Table 1). For the same variety of cheeses,
the soluble protein content is expected to increase with the time of
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and Cerrillano samples. Proteolysis in cheeses begin by coagulant activ-
ity retained in the curd and by plasmin (or other indigenous proteolytic
enzymes) to a range of large and intermediate-sized peptides from
caseins, which were then hydrolyzed by proteinases and peptidases
from starter or non-speciﬁc lactic bacteria, and ﬁnally secondarymicro-
biota to shorter peptides and amino acids (Gupta, Mann, Kumar, &
Sangwan, 2009). However, Pecorino Sardo-type samples showed a dis-
tinct behavior since 160 d-old cheese displayed 11.9 mg/mL versus
16.0 mg/mL of soluble protein from 80 d-old cheese, which can be
explained by variations in the different batches of production or another
possibility is the conversion of free amino acids into ﬂavor components,
such as aldehydes, alcohols, carboxylic acids, esters, methanethiol, thio-
esters and sulfur compounds (Hugenholtz, 2008).
3.2. Antioxidant activity
Antioxidative properties of WSE of ewe's cheeses were evaluated
by different methods — radical scavenging activity, reducing power,
metal chelating ability, and TBARS. These results are presented in
Table 2.
ABTS radical scavenging values, expressed both in percentage of
inhibition and TEAC, were quite different among cheese WSE. Two
Feta cheeses demonstrated the smallest values, while WSE from
270 d-old Pecorino Toscano (A—RS), 120 d-old Cerrillano from manu-
facturer B (Uruguay) and Roquefort-type (B—RS) showed to be the
most efﬁcient for radical quenching (Table 2). The ABTS scavenging
activity demonstrated a certain relation with proteolysis since for
cheeses from the same variety the highest scavenging rates were con-
sistent with higher values of soluble peptides (protein content of
WSE, Table 1). This correlation between proteolysis and ABTS scaveng-
ing activity was observed for WSE from Pecorino Toscano (r2=0.98),
Pecorino Sardo (r2=0.93) and Cerrillano (r2=0.93) cheeses.
When the DPPH assay was performed, only the Roquefort sample
could decrease the absorbance at a signiﬁcant level when compared
to control, with a percentage of scavenging rate of 22.81±0.09
(mean of quadruplicate determination±standard deviation).
These results demonstrate different scavenging patterns for DPPH
and ABTS radicals. The water-soluble pre-formed radical cation of
ABTS is generated by oxidation of ABTS with potassium persulfate
and could be reduced in the presence of hydrogen-donating and of
chain breaking antioxidants, while DPPH is an oil soluble free radical
that accepts an electron or hydrogen to become a stable diamagnetic
molecule (Phanturat, Benjakul, Visessanguan, & Roytrakul, 2010).
Thus, DPPH is pre-dissolved in methanol and may not readily diffuse
to target peptides that are in an aqueous environment, whereas ABTSTable 2
Antioxidant properties of WSE obtained from ovine cheeses.1
Cheese samples ABTS
Scavenging rate (%)
A — RS2, Brazil Feta-type 32.71±1.8g
Pecorino Toscano-type 60 d 67.21±0.1d
180 d 56.55±1.4e
270 d 79.36±0.3bc
B — RS2, Brazil Feta-type 60 d 45.15±0.6f
Roquefort-type 90 d 87.46±0.2a
SC3, Brazil Pecorino-type 30 d 59.71±0.4e
A — Uruguay Pecorino Sardo-type 80 d 67.71±3.2d
120 d 67.86±0.6d
160 d 58.71±2.0e
B — Uruguay Cerrillano 90 d 74.96±1.6c
120 d 81.90±0.5b
1 Values are the means±SEM of three independent determinations. The same letters in
2 Cheese manufacturers from Rio Grande do Sul State (RS).
3 Cheese manufacturer from Santa Catarina State (SC).could readily reach peptides in the aqueous solution assay. Also, sam-
ples were employed in a higher concentration in DPPH assay,
suggesting the ABTS scavenging assay as more sensitive and appro-
priate method for measurement of antioxidant activity ofWSE. Mean-
while, both DPPH and ABTS scavenging activities in WSE of Cheddar
cheeses were dependent on proteolysis degree (highest antioxidant
activity during fourth month of ripening) and on the type of starter
culture used (Gupta et al., 2009). In relation to products from sheep
milk, Corrêa et al. (2011) reported higher ABTS and DPPH scavenging
activities in ovine milk caseinate after hydrolysis with a microbial
protease. Ovine casein fractions and hydrolysates obtained by se-
quential hydrolysis with pepsin, trypsin and chymotrypsin also
showed antioxidant properties measured by the ABTS method
(Gómez-Ruiz et al., 2008). Peptides found inWSE from ovine and cap-
rine cheese-like systems, released upon cleavage of the peptide bond
Leu190-Tyr191 in the β-casein sequence, presented ABTS scavenging
activity (Silva et al., 2006).
The majority of WSE reducing power ranged from 0.2 to 0.3 units
of absorbance at 700 nm (Table 2), suggesting that they are the
source of protons and electrons to maintain such redox potential at
a concentration of 15 mg/mL. Values out of this range were observed
for WSE of cheeses from manufacturer B—RS, with the lowest value
for Feta (0.131) and the highest reducing power for Roquefort
(0.428). BHT exhibited a much higher absorbance of 1.578 at the
same concentration of that employed for WSE.
Iron(II) chelating ability revealed distinct values for WSE samples
(Table 2). The Pecorino cheese varieties showed the best perfor-
mance. The values for 180 and 270 d-old Pecorino Toscano-type and
Pecorino SC cheeses were 55.14%, 32.09% and 50.73%, respectively.
The positive control, EDTA, at the same concentration of samples
(50 mg/mL), could chelate almost all available iron (99.81%). Another
types of cheeses, such as Feta, Roquefort, and 60 d Pecorino Toscano,
demonstrated insigniﬁcant levels of iron binding. Metal chelating ac-
tivity can involve aromatic and hydrophobic amino acids and great
amounts of histidine, the latter due to the presence of an imidazole
ring (Pownall, Udenigwe, & Aluko, 2010). Phosphoserine residues
contain a polar and anionic domain that is favorable, in high concen-
tration, for sequestering cationic metal ions (Kitts, 2005; Pihlanto,
2006). Ovine milk caseinate has been reported as a possible electron
donor and metal chelating and its proteolysis employing a microbial
enzyme improved these properties. However, hydrolysis time affects
the bioactivities of reducing power and Fe2+ chelating ability of the
product (Corrêa et al., 2011).
Antioxidant activity measured by TBARS employed an olive oil
model. The percentage of oxidation inhibition was closer among WSE
samples, between 38.49 and 51.84, except for Feta from manufacturerReducing
power
(abs.
700 nm)
Chelating
activity (%)
TBARS (%)
TEAC (mM Trolox)
0.74±0.04g 0.247d 7.14±1.5d 40.50±5.1bc
1.55±0.02d 0.261cd 0d 38.49±4.3c
1.30±0.03e 0.202e 55.14±1.3a 49.09±1.9ab
1.83±0.01bc 0.221e 32.09±1.5b 47.21±3.7abc
1.03±0.04f 0.131f 5.36±2.4d 25.95±1.2d
2.02±0.01a 0.428a 3.82±1.8d 50.78±3.5a
1.37±0.01e 0.296b 50.73±7.1a 39.72±5.2c
1.56±0.03d 0.225e 20.68±1.1c 51.84±1.2a
1.56±0.02d 0.221e 29.18±0.5bc 49.17±3.9ab
1.35±0.05e 0.283bc 29.41±3.7bc 41.22±4.9bc
1.73±0.04c 0.214e 25.0±3.2bc 50.74±1.1a
1.89±0.01b 0.306b 19.04±0.3c 47.28±2.9abc
a column indicate no signiﬁcant difference at the 5% level of signiﬁcance.
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Fe2+ are well-known stimuli of lipid oxidation, and it was used to initi-
ate the oxidation of olive oil. Hence, the iron-chelating ability could be
related with TBARS results, but WSE with no ability to chelate Fe2+
also showed potential to inhibit olive oil oxidation.
Oxidative reactions in the body are related to cellular damage, and
are associated with chronic diseases when excessive amounts of reac-
tive radicals are physiologically produced. In foodstuffs, lipid peroxi-
dation negatively impacts ﬂavor, texture, nutritive value and shelf
life, and could also result in the production of toxins (Pihlanto,
2006; Sarmadi & Ismail, 2010). Peptides with antioxidant activity
may be released from caseins, and the antioxidative mechanisms in-
volve metal-chelating, hydrogen/electron donating activity or inhibi-
tion of lipid peroxidation (Sarmadi & Ismail, 2010). In a special
manner, Roquefort-type cheese demonstrated the higher reducing
power and was the only sample able to quench DPPH, suggesting
the presence of high contents of hydrophobic amino acid residues,
since low polarity is important for these two properties. The highest
ABTS scavenging activity as well as a high percentage of lipid oxida-
tion inhibition (measured using the TBARS assay), were achieved;
however, poor metal chelating ability was observed for WSE from
this cheese variety. In general, correlations between the results of an-
tioxidant activities obtained by distinct methods were difﬁcult to es-
tablish, indicating that WSE of different ovine cheeses have a wide
variety of peptides with different modes of action for inhibiting lipid
oxidation. In this context, the amino acid composition and sequence,
size, amount and conﬁguration of peptides (exposure of the terminal
amino groups), and concentration of free amino acids appeared to
collectively contribute to the antioxidant activity (Phanturat et al.,
2010), reinforcing the importance of evaluating this property by dif-
ferent methods (Gómez-Ruiz et al., 2008).
3.3. ACE-inhibitory activity
Regardless of differences in manufacturing and time of ripening,
the percentage of ACE inhibition was elevated (above 62%) for the
majority of WSE samples (Fig. 1). Many investigations showed that
ACE-inhibitory activity is dependent on the degree of proteolysis,
that is, the activity increases until a peak is reached, decreasing there-
after as the result of extensive proteolytic degradation of ACE-
inhibitory peptides (Ong, Henriksson, & Shah, 2007). In the present
work, Feta from manufacturer A—RS showed minor ACE-inhibitory
activity (46.45%), possibly because it is a fresh cheese. However,Fig. 1. ACE inhibitory activity (%) of WSE from different cheeses produced in Rio Gran
(A—Uruguay, B—Uruguay). A—RS: Feta-type (1), Pecorino Toscano-type 60 d (2), 180
type (7); A—Uruguay: Pecorino Sardo-type 80 d (8), 120 d (9), 160 d (10); B—Uruguay
determinations±S.E.M. The same letters indicate no signiﬁcant difference at the 5%even if proteolysis was mild (lower soluble protein; Table 1), pep-
tides with both ACE-inhibitory and antioxidant activities were re-
leased, as in the case of WSE from ripened Feta cheese from
manufacturer B—RS. When analyzing cheeses from the same variety
with different times of ripening (Pecorino Toscano-type, and Uru-
guayan cheeses), ACE inhibition was not correlated with the degree
of proteolysis since samples did not differ signiﬁcantly from each
other. Captopril, used only as positive control for this analysis,
suppressed the enzymatic activity of ACE in the concentration tested
(1 mM, equivalent to 0.217 mg/mL, which is much lower than the
concentration of the samples that was 15 mg/mL). The Roquefort-
type cheese displayed the maximum value of anti-hypertensive ac-
tivity, corresponding to an IC50 value of 0.34 mg/mL (expressed as
the concentration of protein in the sample). This result is comparable
to IC50 values of 0.37 mg/mL observed forWSE from Cheddar cheeses
after 24 weeks of ripening (Ong et al., 2007).
Cheeses made from rawmilk presented higher ACE-inhibitory activ-
ity than that made from pasteurizedmilk, which could be attributed to a
broader range of proteolytic enzymes frommilkmicrobiota, mainly non-
starter lactic bacteria (Bütikofer, Meyer, Sieber, Walther, & Wechsler,
2008; Gómez-Ruiz et al., 2002). In the current study, two cheeses made
from raw ovine milk (60 d Pecorino Toscano, and Roquefort) were ana-
lyzed, showing high ACE-inhibition, but comparable to other ones.
Bütikofer et al. (2008) also reported wide variations in the concentra-
tions of Val-Pro-Pro (VPP) and Ile-Pro-Pro (IPP), antihypertensive
peptides present in commercially available fermented milks, within
samples of Swiss cheeses of the same age and same variety, underly-
ing that other factors besides ripening exerted inﬂuences. Milk pre-
treatment, cultures, scalding conditions, and ripening times were
identiﬁed as important key factors. Thereafter, large variations
among Swiss cheese varieties as well as the individual loaves of the
same variety have been described (Meyer, Bütikofer, Walther,
Wechsler, & Sieber, 2009).
Antihypertensive properties ofWSE sampleswere estimated in vitro
by inhibition of ACE activity. This enzyme raises blood pressure by con-
verting angiotensin I, an inactive decapeptide, to the potent vasocon-
strictor octapeptide angiotensin II, as well as inactivating bradykinin, a
vasodilating nonapeptide (Pihlanto-Leppälä, Rokka, & Korhonen,
1998). ACE-inhibitory peptides have been extensively studied and
have been described in several types of cheese, including those made
from sheep milk (Bütikofer et al., 2008; Ong et al., 2007; Silva et al.,
2006). The WSE from Manchego cheeses, which were manufactured
by using ovine milk and different bacterial starters, containedde do Sul (A—RS and B—RS) and Santa Catarina (SC) States of Brazil and Uruguay
d (3) and 270 d (4); B—RS: Feta-type (5) and Roquefort-type (6); SC: Pecorino-
: Cerrillano 90 d (11) and 120 d (12). Values are the means of three independent
level of signiﬁcance.
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peptides with a potential use in functional foods to mitigate hyper-
tension (Gómez-Ruiz et al., 2002). Also in that study, the peptide
VRGPFP from β-casein, present in one of the most active fractions
in Manchego WSE, was chemically synthesized and showed in vitro
ACE-inhibitory activity with a IC50 value of 592 μM. Peptides with
potential ACE-inhibitory activity were characterized in raw and
heat-treated ovine and caprine cheese-like systems, manufactured
with enzymes from C. cardunculus as the clotting agent (Silva et al.,
2006). Those authors highlighted that these products intrinsically
behave as functional foods, despite their moderate bioactivity, so
they may eventually be recommended for inclusion in daily diets as
a more appealing, health-promoting vector than the direct use of
more potent drugs.
Other products made from ovine milk have been described to pos-
sess ACE-inhibitory activity. Ovine caseinate hydrolyzed with protease
P7 from a Bacillus strain increased ACE-inhibitory activity up to 2 h of
hydrolysis, decreasing afterwards (Corrêa et al., 2011), while the sodi-
um caseinates from bovine, sheep, goat, human, pig and buffalo milk,
hydrolyzed for 48 h with a partially puriﬁed protease from L. helveticus
PR4, showed ACE-inhibitory activities of 2–43% (Minervini et al., 2003).
TheWSE of traditional sheepmilk Greek yoghurt showed an increase of
peptide content and activity during storage, revealing a peptide with
well-established ACE-inhibitory property and resulting in a product
with multifunctional health effects, due to the presence of probiotics
and bioactive peptides (Papadimitriou et al., 2007).Fig. 2. Tandem mass (MS/MS) spectrum of ions m/z 604.993 (upper panel) and m/z 587.320
spectrum was matched to (A) αS2-CN f(116–130); and (B) αS2-CN f(131–141).3.4. Antimicrobial activity
None of the WSE evaluated in this work could exert antibacterial
activity against the indicator strains under the experimental condi-
tions employed. Rizzello et al. (2005) found antimicrobial peptides
in water-soluble extracts of different Italian cheese varieties, includ-
ing Pecorino Romano, previously fractionated by reversed-phase
fast protein liquid chromatography. Nevertheless, the other sheep
milk cheeses evaluated, Fossa and Canestrato Pugliese, showed no
antibacterial activity.3.5. Identiﬁcation of WSE peptides from Roquefort-type cheese
TheWSE of Roquefort-type cheese displayed, in general, the highest
antioxidant and antihypertensive properties. Related results for this va-
riety were previously reported, demonstrating high DPPH radical scav-
enging and moderate ACE-inhibitory activities (Apostolidis, Kwon, &
Shetty, 2007). Therefore, Roquefort WSE was selected for further
investigation.
WSE from Roquefort-type cheese comprise a complex peptide pro-
ﬁle (data not shown) and were analyzed by nano-ESI tandem mass
spectrometry (MS/MS). As an example, Fig. 2A shows the MS/MS spec-
trum of ion m/z 604.993, which was identiﬁed as αS2-CN-derived pep-
tide f(116–130) after sequence interpretation and database searching,
with sequence YQGPIVLNPWDQVKR. The MS/MS spectrum in Fig. 2B(lower panel). Following sequence interpretation and database searching, the MS/MS
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the fragment 131–141 from αS2-CN.
The major peptide components of the WSE of Roquefort-type
cheese were identiﬁed and these results are summarized in Table 3.
Among them, nine corresponded to β-casein fragments, ﬁve to αs2-
casein, and three are derived from αs1-casein fragments. Many of
the peptides are related to each other, whichmight result from the di-
verse and complex array of proteolytic enzymes acting on the cheese
matrix (Gupta et al., 2009; Korhonen & Pihlanto, 2006). For example,
the sequence WMHQPPQPLPPTVMFPPQSVL (β-CN 158–178) may be
seen as a precursor of the two shorter sequences observed in Roque-
fort WSE samples, and a similar observation could be made for other
obtained sequences (Table 3). Most of the identiﬁed peptides share
sequences with milk derived peptides, which have been reported by
others to exert antioxidant, ACE-inhibitory, antimicrobial, and immu-
nomodulatory capabilities. Only the peptides derived from αs2-casein
fragments (Table 3) have no bioactivities described in the literature.
The antioxidant and ACE-inhibitory mechanisms and the structure–
activity relationship of peptides are not fully understood. However, the
hydrophobic amino acid proline may contribute to both activities
(Gómez-Ruiz et al., 2004; Hernández-Ledesma, Miralles, Amigo, Ramos,
& Recio, 2005). All peptides identiﬁed in Roquefort WSE (Table 3)
showed at least one proline residue, and three peptide sequences
showed seven proline residues. Likewise, positively charged amino
acids might contribute to the binding afﬁnity of the peptide to the active
site of the ACE enzyme (Gómez-Ruiz et al., 2002). In this study, peptides
derived from αs2-CN and the peptide αS1-CN f(189–208) showed the
presence of lysine and/or arginine in the C-terminal residue. Also,Table 3
Identiﬁcation of peptides in the WSE of Roquefort-type cheese.
Ion for MS/
MS (m/z)a
Mass
observed
Mass
calculatedb
Suggested
fragment
Sequence
682.840 (2) 1363.68 1363.69 β-CN
f(122–132)
KEMPFPKYPVE
1214.088
(2)
2426.18 2426.23 β-CN
f(158–178)
WMHQPPQPLPPTVMFPPQSVL
1121.057
(2)
2240.11 2240.15 β-CN
f(159–178)
MHQPPQPLPPTVMFPPQSVL
1055.544
(2)
2109.09 2109.11 β-CN
f(160–178)
HQPPQPLPPTVMFPPQSVL
834.880 (2) 1667.76 1667.90 β-CN
f(206–220)
YQEPVLGPVRGPFPI
859.491 (2) 1716.98 1716.99 β-CN
f(207–222)
QEPVLGPVRGPFPILV
753.416 (2) 1504.83 1504.84 β-CN
f(207–220)
QEPVLGPVRGPFPI
624.847 (2) 1247.69 1247.74 β-CN
f(209–220)
PVLGPVRGPFPI
526.808 (2) 1051.61 1051.62 β-CN
f(211–220)
LGPVRGPFPI
1016.976
(2)
2031.95 2031.93 αS1-CN
f(189–208)
TDAPSFSDIPNPIGSENSGK
1028.993
(2)
2055.98 2055.99 αS1-CN
f(196–214)
DIPNPIGSENSGKTTMPLW
713.872 (2) 1425.74 1425.75 αS1-CN
f(197–210)
IPNPIGSENSGKIT
587.320 (2) 1172.62 1172.59 αS2-CN
f(131–141)
NAGPFTPTVNR
604.993 (3) 1811.96 1811.97 αS2-CN
f(116–130)
YQGPIVLNPWDQVKR
828.895 (2) 1655.78 1655.87 αS2-CN
f(116–129)
YQGPIVLNPWDQVK
761.428 (2) 1520.86 1520.85 αS2-CN
f(118–130)
GPIVLNPWDQVKR
627.840 (2) 1253.68 1253.69 αS2-CN
f(121–130)
VLNPWDQVKR
a Charge is given in parenthesis.
b Monoisotopic mass value.many antioxidant peptides previously reported contain hydrophobic
amino acid residues leucine and valine at N-terminus (Farvin, Baron,
Nielsen, Otte, & Jacobsen, 2010), which appeared in the peptides from
β-CN (211–220) and αs2-CN (121–130), respectively. Many peptides
are known to possess multifunctional properties. For example, some an-
tioxidant peptides also show ACE-inhibitory activity (Hernández-
Ledesma et al., 2005). Speciﬁcally, the peptide HKEMPFPKYPVQPF,
which possess a high homology with the peptide from β-CN
(122–132) in Roquefort-type WSE (Table 3), was described as ACE-
inhibitory (Otte, Lenhard, Flambard, & Sørensen, 2011) and as an antiox-
idant (Farvin et al., 2010). The peptide YQEPVLGP, enclosed in the se-
quence YQEPVLGPVRGPFPI from Roquefort-type cheese, was described
as antimicrobial (Rizzello et al., 2005) and was identiﬁed in ovine
cheese-like system as both ACE-inhibitory (IC50 499.99 μg/mL) and
ABTS radical scavenging (TEAC 0.124 mM) activities (Silva et al., 2006).
Moreover, peptides TTMPLW and VMFPPQSVL are reported as ACE-
inhibitory (Hernández-Ledesma et al., 2005; Otte et al., 2011), and also
as immunomodulatory and antimicrobial, respectively (Rizzello et al.,
2005).
The peptide LGPVRGPFPI includes the ACE-inhibitory peptide
VRGPFP found in Manchego cheese (IC50 592 μM) and, interestingly, is
not hydrolyzed after simulated gastrointestinal digestion (Gómez-
Ruiz et al., 2004). Furthermore, Rizzello et al. (2005) detected the
sequence VMFPPQSVL in antibacterial fractions of Pecorino Romano
cheese, that corresponds in Roquefort WSE to C-terminal portion of
the three peptides derived from β-CN 158–178. The ACE-inhibitory
peptide YQEPVLGPVRGPFPIIV, which has been reported in Cheddar
cheese (Ong et al., 2007), shares several residues with the ovine β-CN
sequence QEPVLGPVRGPFPILV found in Roquefort-type cheese, differ-
ing from the bovine sequence in its C-terminal residues. Likewise, in
several cheese varieties, this ACE-inhibitory peptide was associated
with bitter taste defects (Ong et al., 2007).4. Conclusions
Ewe's cheeses from Brazil and Uruguay, manufactured under dif-
ferent conditions, and with distinct ripening times, showed antioxi-
dant and ACE-inhibitory activities when WSE preparations were
assayed. The WSE of Roquefort-type cheese demonstrated the best
set of bioactivities, which led to the identiﬁcation of various se-
quences with homology to antioxidant and ACE-inhibitory peptides
described for other cheeses. The peptides derived from αs2-casein
fragments have no bioactivities described so far in the literature.
Further studies are now in progress to isolate and identify the pep-
tides responsible for the observed bioactivities, aiming to elucidate
structure–activity relationships of the peptides present in Roquefort
WSE. The characterization of the peptides and identiﬁcation of the
exact amino acid sequences conferring bioactivities can enable the
synthesis and puriﬁcation of bioactive peptides for their application
in foods.Acknowledgments
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